Introduction
The amount of biomedical information continues to expand at a rapid pace, making it difficult for researchers to stay up-todate. PubMed, for example, is a free Web literature search engine developed by the National Center for Biotechnology Information (NCBI) that provides access to 38 databases [1, 2] . As of 2013, it contains more than 23 million citations for biomedical literature from MEDLINE, life science journals, and online books [3] . PubMed currently includes citations and abstracts from over 5,000 life science journals for biomedical articles back to 1948. How do researchers make their way through this and other vast repositories of publications to find those that are directly related to their area(s) of interest? Furthermore, is there a way to quantify an article's impact and rank articles based on such a metric? Bibliometrics and citation analysis provide methods to quantitatively analyze, compare, and manage the vast amount of biomedical information in existence. Citation analysis is currently the best way to evaluate a publication's impact upon a research community. Although it has its limitations, citation analysis assumes that an article's citation count is directly related to the interest that article has generated within the scientific community. Those articles that have generated debate, stimulated further research, or altered how we view or treat patients with certain maladies are cited more heavily. PubMed, while easy to use and free, does not perform any computations based on citation analysis and thus cannot provide the user with a dynamic, upto-date measurable assessment of the current and historical research efforts of a particular topic. Although one can refine their search based on certain criteria, the output by PubMed is ultimately volumetric only.
Google Scholar (http://scholar.google.com/), introduced in 2004, is a free online service that ranks search results according to their impact on the field. Although some have been skeptical about the fact that it does not provide a list of its sources and uses a proprietary undisclosed ranking algorithm resulting in a wide coverage [4] , studies have shown that most citations are scholarly [5] [6] [7] . In July 2013, they released the "2013 Scholar Metrics," which allows users to gauge the visibility and influence of articles published in scholarly publications between 2008 and 2012. One can browse a ranking of publications based on a specific journal (e.g., Lancet ) or research category (e.g., "health and medical sciences"). In addition, Google Scholar can provide a bibliometric measurement for a selected author or journal. In 2006, Plikus et al. created PubFocus (www.pubfocus.org), a citations' prioritization algorithm based on journal impact factor, forward referencing volume, citation dynamics, and author's contribution level [8] . It enriches MEDLINE/PubMed search queries with two widely used human factor-based bibliometric indicators of publication quality: journal impact factor and volume of forward references (i.e., citations).
Several studies have established landmark articles within various specialties using citation analysis, including anesthesiology [9] , critical care [10] , dermatology [11] , emergency medicine [12] , forensic science [13] [14] [15] , ophthalmology [16] , orthopedic surgery [17] , otolaryngology [18] , pediatric orthopedic surgery [19] , plastic surgery [20, 21] , urology [22, 23] , and neurosurgery [24, 25] . Recently, we published the top 100 overall most cited articles and the top 50 most cited articles over the last decade (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) ) from pediatric neurosurgical journals [26] . A comparison was made to time-adjusted and non-time-adjusted citation rankings. We defined a "historical classic" as an article that received at least 100 total citations and a time-adjusted citation count of five citations per year. A "contemporary classic" was defined as an article in the last decade that received a total of 50 or more citations and a time-adjusted citation count of five citations per year. A limitation of our study was that we only analyzed articles from pediatric neurosurgical journals, thus excluding important articles from other "multidisciplinary" sources such as Neurosurgery, Journal of Neurosurgery, JAMA , New England Journal of Medicine, Journal of Clinical Oncology, etc. We present the second part of our pediatric neurosurgery citation analysis research.
Methods
A topic search was performed in July 2013 using Thomson Reuters Web of Science (WOS). Table 1 shows the keywords used in each topic search. These keywords were modified based on the methods of Ponce et al. [24, 25] . A total of 14, 408 articles were identified in this search. Each term was searched along with the word "pediatric" in order to capture articles both related to the topic and to a pediatric population. These articles were then ranked in descending order by citation count and reviewed to determine if they were related to clinical pediatric neurosurgery. All basic science, imaging, histology, pathology, and pharmaceutical articles were excluded. We excluded articles from pediatric neurosurgical journals: Child 's Brain, Pediatric Neurosurgery, Child 's Nervous System, and Journal of Neurosurgery: Pediatrics. An additional search was performed using the same criteria to identify the top 50 most cited articles over the last 10 years (2002-2012) . This search returned a total of 10,335 articles. An "adjusted" citation count or index was calculated for each article by dividing the total number of citations by the years since initial publication. The adjusted citation count can be viewed as the average number of citations that paper has received each year since it was published.
Data
The following information was obtained from each article: number of authors, country of origin, topic (hydrocephalus, oncology, vascular, trauma, functional/epilepsy/spasticity, congenital spine/tethered cord, congenital cranial/craniosynostosis/ arachnoid cyst, and other), and level of evidence (Levels 1-5 using the Oxford Centre for Evidence-Based Medicine-i.e., OCEBM-2011 Levels of Evidence (Table 4 in Appendix 1), http://www.cebm.net/index.aspx?o=5653, and the accompanying table of evidence glossary) [27] . The abstract or-when necessary-the entire article was read in detail to determine these characteristics and categories. Asterisk represents a wild card character. For example, the word "pineal*" would return "pineal" and "pinealblastoma" when used with a wild card character 
Results
The top 100 overall most cited works within pediatric neurosurgery are listed in Table 2 . The top 50 most cited works within pediatric neurosurgery over the past decade (2002-2012) are presented in Table 3 .
Top 100 articles
Demographics Forty-four journals provided all the articles in the top 100 list: Journal of Neurosurgery (20 articles), Neurosurgery (eight articles), and Journal of Clinical Oncology (six articles) contained the most articles in the top 100. Articles were published from 1986 to 2008, with the most productive years being 1998 and 1999 (n =10 each) (Fig. 1a) . The number of authors ranged from 2 to 38 with a mean, median, and mode of 7, 6, and 5, respectively. The country of origin for the first author was most frequently the USA (n =68), followed by Canada (n =11) and France (n =6) (Fig. 2a) .
Topic of research, study design, and level of evidence The most popular topic was trauma (n =37), followed by oncology (n =29) and then functional/epilepsy (n =11) (Fig. 3a) . Based on the OCEBM 2011 Levels of Evidence Classification System, two articles were classified as grade 1, nine articles were classified as grade 2, 26 articles were classified as grade 3, and 52 articles were classified as grade 4. There were nine review articles and two articles that were categorized as "other": a description of vagal nerve stimulation (#8) and an analysis of fluid dynamics in Chiari malformations (#70).
Citation analysis The top 100 overall most cited articles were referenced an average of 131±49 times (median 118, range 90-321). Two papers had greater than 300 citations, five had (Fig. 1b) . The number of authors ranged from 1 to 19, with a mean, median, and mode of 7, 6, and 6, respectively. The country of origin of the first author was most frequently the USA (n =34), followed by UK (n =5) and Canada (n =3) (Fig. 2b) .
Topic of research, study design, and level of evidence Oncology (n =14), trauma (n =14), and functional/epilepsy-related research (n =8) were the most common topics (Fig. 3b ). There were four articles classified as grade 2, 15 articles classified as grade 3, and 21 articles classified as grade 4 papers (OCEM levels of evidence). There were eight review articles and two "other" articles: a study on criteria and guidelines used to evaluate children for epilepsy surgery (#40) and an epidemiological update on medulloblastoma/PNET tumors (#48). 
Citation analysis

Discussion
Citation analysis is a useful method of quantifying the impact an article has made upon a scientific community. Although correlating an original contribution paper with a high citation count as being of high "quality" is, in general, a reasonable conclusion, we rather view citations as an indicator of "interest" generated by that article within academia. The question of "quality" is one that is answered with the passage of time and comes from the collective voice from members within the scientific community.
Our results
In this study, we found an average citation count of 131±49 (median 118, range 90-321) in the top 100 overall and 103±37 times (median 89, range 68-245) in the top 50 over the last decade. In comparison to our previous study which included only pediatric neurosurgery journals, the average citation count was 90±26 (median 81, range 65-193) in the top 100 overall and 54±15 (median 49, range 41-125) in the top 50 over the last decade [26] . There are several reasons for this. The first is that pediatric neurosurgery is a young and very small field compared to others. Publication of pediatric neurosurgery journals began no more than 50 years ago, the readership is small, and consequently the impact factors (IF) of the journals are low: Childs Nervous System (1.24), Pediatric Neurosurgery (0.42), and Journal of Neurosurgery: Pediatrics (1.62). The second reason is that many of the articles that we found in this current study were authored by non-neurosurgeons (e.g., medical oncologists, radiation oncologists, intensivists, or a mixture) and, therefore, appeal to physicians of various subspecialties. The journals they chose to publish in have a much wider audience and higher IFs than pediatric neurosurgery journals. For example, the IF for Lancet Oncology, Journal of Clinical Oncology, Brain, and Critical Care is 25.20, 18.04, 9.92, and 4.72, respectively. Nonetheless, many of the articles in our two lists were published in neurosurgery journals: 30 in the top 100 list and 12 in the top 50 list. This marked difference in journal impact factors demonstrates the need to be responsible when performing citation analysis. Much in the same way as it is inappropriate to compare the bibliometric profiles of different researchers (e.g., pediatric neurosurgeons vs. medical oncologists vs. basic science researchers), it is also incorrect to compare the citation history of papers published in journals with different target audiences (highly specialized compared to multidisciplinary journals) [28] . In 2004, the Journal of Neurosurgery-Pediatrics was created as a sister journal to the Journal of Neurosurgery. Many of the Journal of Neurosurgery articles in the top 100 and top 50 lists in this paper would likely be published in Journal of Neurosurgery-Pediatrics today. By comparison, Neurosurgery has not subdivided into subsidiary sister journals. In our top 100 list for this current study, there were eight articles published in Neurosurgery, with an average citation count of 158 (range, 100-282), much higher than the average citation count of 90 for the top 100 list of only pediatric neurosurgery journals. Also, there were no Journal of Neurosurgery-Pediatrics articles in the previous top 100 list and only one in the top 50 list. These findings would suggest that there was a loss of readership when the Journal of Neurosurgery-Pediatrics was created.
The topics that appeared most frequently in the top articles in dedicated pediatric neurosurgical journals were hydrocephalus and oncology. By comparison, oncology and trauma were the most common topics in this study. This is an expected finding. Hydrocephalus is a disease that is treated almost exclusively by neurosurgeons, unlike other multidisciplinary areas such as trauma and oncology. The levels of evidence based on the OCEBM guidelines were generally higher in this study as compared to our first study. Thirty-seven papers were levels 1, 2, or 3 compared with only 12 in our first study. One major reason for this is that the competition to get a paper accepted in a high-impact journal is intense, forcing authors to increase the quality of their submission.
Limitations
Specific search terms were used to delineate articles related to pediatrics and neurosurgery. These terms are subject to variations in terminology and spelling, for example, "AVM," "arterio-venous malformation," and "AV-malformation." Our study accounted for these types of instances by including similar terms as we saw appropriate; however, the subjective nature of the search criteria likely did not capture some articles due to this reason. We excluded articles related to basic science, histology, radiology, and pharmaceutical sciences. The process of excluding articles is inherently subjective and was done by consensus. There is no doubt that some of the excluded articles, while not directly related to clinical pediatric neurosurgery, have influenced the practice of pediatric neurosurgery. A notable example would be the growing literature on the molecular profiling of pediatric brain tumors [29] [30] [31] .
Conclusion
The top 100 overall articles in pediatric neurosurgery from nonpediatric neurosurgical journals and the top 50 most cited articles over the last decade are presented in this paper. The number of citations for these lists of articles is on average higher than articles from pediatric neurosurgery journals due to the fact that many of these articles are intended for a broader audience and are published in journals with higher impact factors. Furthermore, there is some evidence to suggest that pediatric-specific articles may have lost some exposure within the academic community when placed into pediatric-specific journals compared to when they were kept in general neurosurgical journals. The responsible use of citation analysis should involve comparing journals with similar intended audiences. Caution should be used when equating "quality" with citation volume.
